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Abstract 18 

 19 

Flood frequency analysis (FFA) enables fitting of distribution functions to observed flow data 20 

for estimation of flood quantiles. Two main approaches, Annual Maximum (AM) and peaks-21 

over-threshold (POT) are adopted for FFA. POT approach is under-employed due to its 22 

complexity and uncertainty associated with the threshold selection and independence criteria 23 

for selecting peak flows. This study evaluates the POT and AM approaches using data from 24 

188 gauged stations in south-east Australia. POT approach adopted in this study applies a 25 

different average numbers of events per year fitted with Generalised Pareto (GP) distribution 26 

with an automated threshold detection method. The POT model extends its parametric 27 

approach to Maximum Likelihood Estimator (MLE) and Point Moment Weighted Unbiased 28 

(PMWU) method. Generalised Extreme Value (GEV) distribution using L-moment estimator 29 

is used for AM approach. It has been found that there is a large difference in design flood 30 

estimates between the AM and POT approaches for smaller average recurrence intervals 31 

(ARI), with a median difference of 25% for 1.01 year ARI and 5% for 50 and 100 years ARIs. 32 

Keywords: Flood frequency analysis; Generalized Pareto, Generalised extreme value; 33 

threshold selection; Peaks-over-threshold.   34 
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Introduction 35 

 36 

Flood is one of the worst natural disasters. In flood risk assessment, a design flood is defined 37 

as a flood discharge associated with a given annual exceedance probability. Flood frequency 38 

analysis (FFA) is widely adopted in estimating design floods. In FFA, two approaches are 39 

frequently adopted: annual maximum (AM) and peaks over threshold (POT). AM approach 40 

involves the selection of maximum streamflow data from each year to form AM flood series. 41 

Bezak, Brilly and Šraj (2014) stated few shortcomings of using AM approach. During the 42 

extraction of the AM series, some relatively high flow values are excluded since AM 43 

considers only one flow value from each year. AM series also includes some smaller flow 44 

values from dry years, which are much smaller than the second or third highest flow values of 45 

some wet years. These shortcomings of the AM approach may increase the uncertainty in 46 

estimated design floods, in particular for arid regions. Many studies have suggested that the 47 

AM approach results in loss of useful flood information, which is due to extraction of a 48 

relatively smaller subset from the primary data series (Bezak, Brilly & Šraj 2014; Lang, 49 

Ouarda & Bobée 1999; Langbein 1949). Comparing with POT, AM approach is 50 

advantageous due to the straightforward exaction of the AM series. 51 

POT series extraction aims to retain any peak value above a certain truncation or threshold 52 

level based on the need for the analysis. In other words, the overall quantities of flood data to 53 

be included in the analysis is controllable by setting a relative threshold level (Lang, Ouarda 54 

& Bobée 1999). Based on the purposes of the analysis, POT can retain infinitive data points 55 

above the selected threshold value provided that the selected data points meet the 56 

independence criteria. Many studies have suggested the advantages of using POT approach in 57 

FFA (Bezak, Brilly & Šraj 2014; Bhunya et al. 2012; Bhuyan, Jena & Bhunya 2016; Bobée et 58 

al. 1993; Durocher, Burn & Ashkar 2019; Gottschalk & Krasovskaia 2002; Herath, Prasad 59 

Basnayake & Coremans 2015; Karim, Hasan & Marvanek 2017; Madsen, Rasmussen & 60 

Rosbjerg 1997; Mostofi Zadeh et al. 2019; Pan & Rahman 2018). However, POT approach 61 

remains underemployed in Australia. The additional flexibility using POT approach is 62 

associated with additional complexity in modelling (Lang, Ouarda & Bobée 1999). POT 63 

approach, in turn, is considered a dual-domain approach, time interval and magnitude, 64 

whereas only magnitude is examined in the AM approach. The associated complexities for 65 

retaining peaks are in dual aspects (Bezak, Brilly & Šraj 2014). Considering the magnitude of 66 

the flood peaks, the lowest inter-flow value requires to be determined to exclude the recess of 67 
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the flood hydrograph. Time scale-wise, duration of the flow peaks needs to be analysed to 68 

suit the independence criteria for individual flood peaks. 69 

Besides the drawback of the threshold determination for retaining flood peaks, another 70 

notable complexity is due to the determination of the statistical threshold for convergence in 71 

fitting Generalised Pareto (GP) distribution, which is the most recommended distribution for 72 

POT approach (Bernardara et al. 2012; Durocher et al. 2018; Thompson et al. 2009). 73 

Traditional graphical method using mean residual life plot for threshold selection is 74 

subjective and is not suitable to quantify and assess the associated variance of higher quantile 75 

flood estimates. The iterative process of a different threshold for estimation is typically 76 

applied to achieve better fitting of observed flood series (Durocher et al. 2018). With the 77 

convenience of computational modelling techniques, the iterative process may be automated 78 

and systematised with selected requirements. 79 

Many studies in Australia aimed to enhance the accuracy in both at-site and regional FFA 80 

(Haddad & Rahman 2015; Haddad et al. 2012; Haddad et al. 2011; Haddad et al. 2010; Ishak 81 

et al. 2013). Traditionally, AM series is more popular than the POT for at-site and regional 82 

FFA in Australia (Ball et al. 2016). Within the Australian context, there are only few studies 83 

focusing on the POT approach in FFA (Karim, Hasan & Marvanek 2017). Due to the 84 

uniqueness of the at-site flood characteristics and parent probability distribution being 85 

unknown, this study aims to compare the AM and POT approaches using data from a large 86 

number of  gauged stations in south-east Australia. This study examines automated threshold 87 

selection for GP distribution using two different methods based on normality of difference 88 

(ND) and threshold stability (TS). Hence, the objectives of this study are three folds: (i) 89 

evaluation of the extraction of the POT series based on different threshold values or the 90 

number of events per year; (ii) evaluation of the application of automated threshold detection 91 

for GP distribution in POT approach based on ND and TS methods; and (iii) comparison of 92 

POT and AM approaches in estimating flood quantiles. The findings of this study will 93 

enhance application of the POT approach in FFA in Australia and other countries. 94 

 95 
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Methods 96 

 97 

Peaks-over-threshold approach 98 

The first assumption that makes the POT model viable is the confirmation of Poisson arrival 99 

or homogeneous hypothesis. Lang, Ouarda and Bobée (1999) stated that the threshold value 100 

should be sufficiently high so that this assumption is not violated. However, the selected 101 

threshold value also needs to be low enough to retain as many peak flow values as possible to 102 

exploit the advantages of the POT approach. This study applies the various values of average 103 

events per year to automating the selection of the physical threshold. Through using the 104 

method, the overall quantities of data points for the analysis can be controlled. For the site 105 

having a shorter record length, POT approach can obtain more data points than AM approach. 106 

This study applies 3, 5 and 10 in average events per year, which are denoted as POT3, POT5 107 

and POT10, respectively. Noteworthy, the associated complexity using POT for FFA is that 108 

the approach considers two elements, magnitude and time.  109 

Regarding the aspect of time, the second flood peak is rejected if the duration between the 110 

two peaks is smaller than the calculated value. With the consideration of the magnitude, some 111 

flood peaks are to be considered as the recession of flood only. USWRC (1976) proposed two 112 

criteria using Equation 1 to ensure the independence of the data point, where 𝜃 is duration 113 

between any two flow peaks and A is the catchment area in square miles. The recession or 114 

interflow of the floods are excluded that if minimum of discharge value between any two 115 

consecutive floods (𝑄1 𝑎𝑛𝑑 𝑄2) is higher than three quarter of flood peaks. 116 

 𝜃 < 5 𝑑𝑎𝑦𝑠 + 𝑙𝑜𝑔(𝐴) & 𝑋𝑚𝑖𝑛 > 34   𝑀𝑖𝑛. [𝑄1, 𝑄2 ]  (1) 

Program using R is applied in this study to extract the POT series by applying a physical 117 

threshold and used for GP distribution fitting with an automated statistical threshold detection 118 

based on ND and TS approach, which are denoted as POT-ND and POT-TS respectively. 119 

Procedures shown in Figure 1 are followed in this study. 120 

As mentioned previously, the complexity associated with the POT approach is the 121 

determination of the physical threshold. Below iterative process is implemented in R code to 122 

retain flood peaks.  123 

POT series extraction 124 

1. Determine overall quantity of data points required for POT series. 125 
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 Size of POT series=  𝜆 (𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑣𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟)∗ 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑒𝑐𝑜𝑟𝑑 

(2) 

2. Select the first maximum flood data point as the first entry.  126 

3. Compare the second maximum flood data point to the first entry by the two selection 127 

criteria. If the second maximum flood data is successfully met with the requirements 128 

with both magnitude and time, it makes an entry to the POT series, otherwise, it is 129 

rejected. Remaining data points for the iterative process are required to meet both 130 

magnitude and duration criteria as before.  131 

4. Repeating the above procedure until the count of the data points is equal to the 132 

requirement set by step 1. 133 

5. Export the POT series based on 𝜆 values of 3, 5 and 10, i.e. POT3, POT5 and POT10, 134 

respectively. 135 

 136 

Non-parametric approach 137 

Non-parametric approach is applied to estimate observed flood quantiles based on Equation 3 138 

using POT series. The sample quantile is defined as a weighted average of consecutive order 139 

statistics. The resulting quantile estimates are approximately median-unbiased regardless of 140 

the distribution of the sample. ARI - Q relationship is formulated for comparison against 141 

parametric approach with both POT and AM approaches. 142 

 𝑄𝑖(𝑝) = (1 − 𝛾)𝑥𝑗 + 𝛾𝑥𝑗+1; 𝑤ℎ𝑒𝑟𝑒 𝑚 = 𝑝+13  , 𝑝𝑘≈[𝐹(𝑥𝑘)] (3) 

 143 

Automating statistical threshold selection for GP distribution fitting 144 

Traditionally, the statistical threshold for GP distribution is determined through Mean 145 

Residual Life Plot (MRLP). Coles (2001) described the process as subjective and requiring 146 

field experience to interpret the plots. However, the variance of the estimates is not 147 

quantifiable through using visual assessment. Another approach aims to estimate the 148 

parameters of multiple thresholds then fit the GP distribution. Coles (2001) discussed the 149 

theoretical basis for this approach, which through n equally spaced increasing threshold, the 150 

suitable estimated parameters provides critical p-value from the normality test, which 151 

provided the best-suited threshold candidate. Thompson et al. (2009) discussed the automated 152 
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threshold approach for wave analysis, who applied a similar approach, POT-ND. Let 𝜎𝑢�̂� and  153 𝜉𝑢�̂� be the estimated scale and shape factors based on the threshold value, 𝜇𝑖. 𝜏𝑢𝑖 is calculated 154 

with n equally spaced increasing threshold as per Equation 4.  155 

 𝜏𝑢𝑖 = 𝜎𝑢�̂� − 𝜉𝑢�̂� ∗ 𝜇𝑖  , 𝑤ℎ𝑒𝑟𝑒 𝑖 = 1, 2, 3, … 𝑛 (4) 

The difference between individual candidate thresholds is then formulated as per Equation 5.  156 

 𝜏𝑢𝑖 − 𝜏𝑢𝑖−1 , 𝑤ℎ𝑒𝑟𝑒 𝑖 = 2, 3, 4, … 𝑛 (5) 

Following the below iterative process, the suitable threshold 𝜇𝑖 is detected for GP distribution. 157 

1. Let 𝜇1 to be the lowest value of the proposed threshold and 𝜇100 to be the highest 158 

value of the proposed threshold.  Below constraints are applied for 𝜇1 and 𝜇100.  159  𝐼𝑓 𝜆 ∗ length of record >  100, then 𝜇1 = 𝑀𝑒𝑎𝑛 𝑜𝑓 𝑃𝑂𝑇(𝜆)𝐼𝑓 𝜆 ∗ length of record < 100,  𝑡ℎ𝑒𝑛 𝜇1 = 𝑀𝑒𝑑𝑖𝑎𝑛 𝑜𝑓 𝑃𝑂𝑇(𝜆) , 𝑤ℎ𝑒𝑟𝑒 𝜇100 = 98% 𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝑜𝑓 𝑃𝑂𝑇 𝑚𝑜𝑑𝑒𝑙  

2. 𝜇1 < 𝜇2 < ⋯ < 𝜇100 to be equally spaced candidate thresholds. 160 

3. Estimate the parameters using the individual threshold with both MLE and PWMU 161 

estimators. 162 

4. Fit GP distribution with corresponding threshold candidates. 163 

5. Calculate the 𝜏𝑢𝑖 − 𝜏𝑢𝑖−1  and examine the normality based on mean equals to zero. 164 

6. Iterating the processes until p-value generated from the normality test met with the 165 

critical value, p-values equal to 0.25, 0.5, 0.8 and 0.9. 166 

7. Verify the obtained threshold value through MRLP and parameters’ plots for both 167 

MLE and PWMU estimators. 168 

8. Generating P-P, Q-Q and return level plots for both GP fitting of MLE and PWM 169 

estimators.  170 

Coles (2001) also stated that a suitable threshold can be determined based on the 171 

interpretation of the threshold stability plot. Like the above shown iterative process, if the GP 172 

distribution is appropriate for the model, estimated shape parameter versus threshold plot 173 

should be relatively constant or linear for any larger threshold compared to selected threshold. 174 

Curceac et al (2020) proposed an empirical method to find the suitable threshold for GP 175 

fitting based on rate of change of threshold versus parameter plots. This study applies the 176 

similar approach (POT-TS) to compare the obtained results. 177 

Following the below iterative process, the suitable threshold 𝜇𝑖 is detected for GP distribution. 178 
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1. Let 𝜇1 to be the lowest value of the proposed threshold and 𝜇1000 to be the highest 179 

value of the proposed threshold.  𝜇1 = 𝑀𝑒𝑎𝑛 𝑜𝑓 𝑃𝑂𝑇(𝜆), 𝜇100 =180 98% 𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝑜𝑓 𝑃𝑂𝑇 𝑚𝑜𝑑𝑒𝑙. 181 

2. 𝜇1 < 𝜇2 < ⋯ < 𝜇1000 to be equally spaced candidate thresholds. 182 

3. Estimate the parameters using the individual threshold with both MLE and PWMU 183 

estimators. 184 

4. Fit GP distribution with corresponding threshold candidates. 185 

5. Plot the threshold against individual shape and modified scale parameters. 186 

6. Curve fitting using cubic spline function and extract the coordinates of the plots. 187 

7. Set boundary using 2.5% of step i.e. 25 consecutive threshold values and calculate the 188 

rate of change of extracted coordinates from the plot. 189 

8. Determine the lowest rate of change based on step 7. 190 

9. Verify the obtained threshold value through MRLP and threshold versus parameter 191 

plot. 192 

10. Generate P-P, Q-Q and return level plots for both GP fitting of MLE and PWM 193 

estimators. 194 

Annual Maximum Series 195 

Previous studies indicate the GEV distribution with the AM approach with L-moment 196 

estimator yields satisfactory FFA results in higher return periods (Ball et al. 2016). As a 197 

benchmark for comparison, this study applies GEV distribution to AM flood series of the 198 

selected stations.   199 

Evaluation statistics 200 

For verification purposes, Equations 6 to 9 are applied to all the selected stations.  201 

 % difference = 𝑄𝑖,𝑃𝑂𝑇 (𝜆) − 𝑄𝑖,𝐺𝐸𝑉−𝐴𝑀𝑄𝑖,𝐺𝐸𝑉−𝐴𝑀 ∗ 100% (6) 

 𝑅𝑀𝑆𝐸𝑟 = √1𝑛 ∑(𝑄𝑖,𝐺𝐸𝑉−𝐴𝑀 − 𝑄𝑖,𝑃𝑂𝑇(𝜆)𝑄𝑖,𝐺𝐸𝑉−𝐴𝑀 )2𝑛
𝑖=1  (7) 

 𝑀𝑆𝐸 = 1𝑛 ∑(𝑄𝑖,𝐺𝐸𝑉−𝐴𝑀 − 𝑄𝑖,𝑃𝑂𝑇(𝜆))2𝑛
𝑖=1  (8) 

 𝐵𝐼𝐴𝑆𝑟 = 1𝑛 ∑ 𝑄𝑖,𝑃𝑂𝑇 (𝜆) − 𝑄𝑖,𝐺𝐸𝑉−𝐴𝑀𝑄𝑖,𝐺𝐸𝑉−𝐴𝑀
𝑛

𝑖=1  (9) 
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Study Area and Data 202 

 203 

This study focuses on catchments located along the south-eastern coastal region of Australia 204 

as shown in Figure 2. A total of 188 gauged stations are selected for this study. Catchment 205 

areas of the selected catchments are in the range from 3 km2 to 1010 km2 with an average of 206 

343 km2 and a median of 289 km2. Out of 188 catchments, 76 are from NSW and 102 from 207 

Victoria. The selected catchments are unregulated and there has been no major change of 208 

land use during the stream gauging period. Records of streamflow data range 23 - 98 years, 209 

with an average of 52 years and a median of 48 years.  210 

Results 211 

Case study 212 

At the beginning, the result for station 223204 is presented in greater details. This station is 213 

located in Victoria, named Deptford on Nicholson River. The streamflow record length is 56 214 

years for this station and the sample sizes for POT3, POT5 and POT10 are 168, 280 and 560, 215 

respectively.  216 

Figure 3 compares results obtained from AM and POT approaches. For POT-ND approach, 217 

the plot includes POT-ND-3, POT-ND-5 and POT-ND-10 models using MLE and PMWU 218 

estimators based on the p-value of 0.25, and POT10 model is used for plotting of observed 219 

flood series using Cunnane’s plotting position  formula as shown below. 220 

 𝐴𝑅𝐼 =  𝑁 + 0.2𝑚 − 0.4 (10) 

 221 

Here m is the rank of flood peaks when they are arranged in descending order and N is the 222 

record length in years. It can be seen from Figure 3(a) that both AM and POT approaches  223 

provide a good fit to the observed flood data in the mid ARI ranges (5 to 20 years). At 50 and 224 

100 years ARIs, POT-ND-5 model based on MLE provides closer fit to the observed flood 225 

series compared to other POT-ND models while the AM approach provides a poor fit. 226 

Comparing the results between various POT-ND models, at smaller ARIs, it is found that all 227 

the POT-ND models provide satisfactory fit against observed flood series. Overall, POT-ND-228 

5 model provides the best fit to the observed flood data. In Figure 3(b), the boxplots represent 229 

the percentage difference between estimated flood quantiles by different POT-ND-GP and 230 

AM-GEV approaches. 231 
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The POT-ND series selected for station 223204 is based on the automation of threshold 232 

detection using ND method as discussed in the methodology section. To yield a satisfactory 233 

fitting using GP distribution, a critical p-value of 0.25 is applied based on normality test 234 

using an iterative process as mentioned before. Three other p-values of 0.5, 0.8 and 0.9 are 235 

also applied for verification purpose. Traditionally, MRLP is used for visual inspection of the 236 

threshold, which falls into the linear section of the mean access. However, the variance of the 237 

mean access for selection of threshold is unable to quantify based on visual inspection. Figure 238 

4 illustrates the threshold comparison between two estimators, MLE and PMWU in MRLP 239 

using different p-values. Red vertical line in Figure 4 represents the detected threshold based 240 

on 0.25 p-value using MLE. The green vertical line indicates the detected threshold using 241 

PWMU estimator. From left to right, the first figure plots the mean access for models of 242 

POT-ND-3, POT-ND-5 and POT-ND-10, respectively. Detected thresholds for various 243 

models and estimator fit close to the linear section of MRLP. The PWMU estimator provides 244 

lower detected thresholds, in general, compared to MLE. With the advantage of the POT-ND 245 

approach, the size of the extracted time series is controllable to overcome the drawback of the 246 

AM approach. POT-ND-10 models illustrate the significant lower detected threshold 247 

compared to POT-ND-3 and POT-ND-5 models while still maintaining the validity of GP 248 

distributional assumption based on normality test with the corresponding p-value. The 249 

average of the detected threshold value in POT-ND-3 model is about 50 m3/s then it reduces 250 

to approximately 35 m3/s for POT-ND-5 model and 23 m3/s for POT-ND-10 model.  251 

Modified scale and shape parameters are also plotted along with MRLP for further 252 

verification purpose. Figure 5 plots the difference between POT-ND-3, POT-ND-5 and POT-253 

ND-10 models. For both parametric approaches, detected thresholds are sitting on the start of 254 

the linear range. This further confirms the validity of the GP distribution fitting to the POT-255 

ND models using detected thresholds. From left to right, POT models plot average of 3, 5 and 256 

10 events per year. With the decrease of the detected threshold, the estimated parameters are 257 

adjusted accordingly.  258 

Furthermore, three different types of plots are generated for each parametric estimator in 259 

POT-ND approach to verify the fitting between theoretical GP and empirical GP distribution 260 

fitting. Result for station 223204, plotted with the P-P, Q-Q and return level is shown in 261 

Figure 6(a). Comparing between MLE and PMWU’s estimators, the difference is difficult to 262 

visualise using these plots. However, for both parametric approaches, the P-P and Q-Q plots 263 

provide satisfactory results between theoretical and empirical dataset. With a 95% confidence 264 
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interval, both estimators show a closer match with the reference line. Comparing the results 265 

obtained based on the selected POT models it is found that flood quantiles are similar for 266 

lower ARIs. However, POT-ND-10 results in lower flood discharge on higher return periods, 267 

which is as expected. Overall, through various verification methods, the automation of 268 

threshold detection using ND method with p-value of 0.25 provides satisfactory results for 269 

station 223204.   270 

POT-TS method is also applied for station 223204 for comparison and verification purposes. 271 

Figure 6(b), (c) and (d) represent the return level plots based on POT 3, POT 5 and POT 10 272 

using bi-estimator with both ND and TS methods, respectively.  273 

Figure 7 represents the impact of the selection of the critical p-values of 0.25, 0.5, 0.8 and 0.9 274 

in the normality test. With POT-ND-10 models, the threshold value is similar if a p-value of 275 

0.25 or 0.5 is selected. However, if a higher p-value of 0.8 or 0.9 is selected, the 276 

corresponding candidate threshold value is significantly higher. This also applies to POT-277 

ND-3 and POT-ND-5 models, and the candidate thresholds are impacted significantly if a 278 

higher p-value is selected. Based on the threshold value from Figure 7, the variance of the 279 

flood quantile is significant, especially at higher return periods. At lower return periods, all 280 

POT-ND models fit closely with the observed flood series. With selected different p-values, 281 

smaller p-values give closer fitting to the observed flood series.  282 

The quantiles estimated by the POT-ND-GP approach are compared with the AM-GEV 283 

approach using Equation 6, and the percent differences between the POT-ND-GP and AM-284 

GEV approaches are summarised in Table 1.  For smaller ARIs up to 5 years, the differences 285 

in estimated flood discharges among the approaches are notably higher with a mean variation 286 

up to 826% for 1.10 year ARI. At 5 years ARI, the mean difference is reduced to 1%. The 287 

mean differences are 4%, 8%, 13% and 17% for ARIs of 10, 20, 50 and 100 years. 288 

Overall, the POT3-ND-PWMU approach provides the best match with the AM-GEV 289 

approach. Overall, at smaller ARIs, the differences between the POT-GP and AM-GEV 290 

approaches are higher; however, the differences reduce as ARI increases.  291 

Figure 8 shows distribution of Bias (equation 9), MSE (equation 8) and RMSE (equation 7) 292 

values. In terms of Bias, the best result is found for POT-ND-3-PWMU, followed by POT-293 

ND-5-PWMU. In terms of MSE, the best result is found for POT-ND-10-MLE, followed by 294 
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POT-ND-5-PWMU. In terms of RMSE, the best result is found for POT-ND-10-MLE, 295 

followed by POT5-PWMU. 296 

Comparison between POT and AM approaches for the selected 188 stations 297 

This section compares the results obtained from AM and POT approaches for the selected 298 

188 gauged stations. For each POT model, two-parameter estimation methods are used, 299 

which are MLE and PWMU through R platform. To provide an overview of the results for 300 

the selected 188 gauged stations, we firstly tabulate the overall station count for the least 301 

percentage difference between POT and AM approaches using Equation 6. Table 2(a) breaks 302 

down the overall station count based on different POT models using ND method for selected 303 

ARI brackets while Table 2(b) is constructed based on POT-TS method. 304 

With lower ARIs up to 2 years for both methods, POT10 model provides the least percentage 305 

difference between the POT and AM approaches where over 90% of the selected stations 306 

prefer POT10-ND model and over 75% of the selected stations prefer POT10-TS model. 307 

With the increase of the ARIs up to 10 years, POT5 model provides the least percentage 308 

difference between the POT and AM approaches with more than half of the stations prefer 309 

POT5 models for both ND and TS methods. This is in agreement with Bezak, Brilly and Šraj 310 

(2014) for lower ARIs, which applied POT5 and POT8 model to compare with AM approach. 311 

However, our study differed the result of higher ARIs flood estimates to Bezak, Brilly and 312 

Šraj (2014). With the increase of ARI, the preferred POT models are POT5 and POT3 for 20, 313 

50 and 100 years ARIs, respectively. We have found a positive relationship between 314 

percentage difference and average events per year, i.e. reducing average events per year also 315 

decreases the percentage difference between AM and POT approaches, which agrees with 316 

Bačová-Mitková and Onderka (2010) and Robson and Reed (1999). This highlights the 317 

importance of the effects of sample size (thresholds) to the final estimates (Bačová-Mitková 318 

& Onderka 2010; Bezak, Brilly & Šraj 2014; Robson & Reed 1999). 319 

Tables 3(a) and 3(b) show count of stations having different ranges of percentage differences 320 

between all POT-GP models and AM approaches for three ARIs (1.01, 20 and 100 years). 321 

For 100 years ARI between POT-ND and AM approach, 99 stations (out of 188 stations) 322 

have differences below 5%, 44 stations have differences in the range of 5-10%. POT-TS 323 

approach provides slightly more site count for 100 years ARI, 104 stations (out of 188 324 

stations) have differences below 5%, 32 stations have differences in the range of 5-10%. For 325 

1.01 year ARI, 137 out of 188 stations have differences above 25% for both POT-ND and 326 
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POT-TS approaches. Overall, this result shows that the differences between POT and AM 327 

approaches are higher for greater number of stations at smaller ARIs. On the other hand, we 328 

have found that the higher the ARIs, the lesser of the percentage differences between AM and 329 

POT approaches, which agrees with the findings by Karim, Hasan and Marvanek (2017).  330 

Figure 9(a) and 9(b) provide the percentage difference comparison between POT-GP and 331 

AM-GEV approaches with individual ARIs based on ND and TS methods. For each tier of 332 

ARI, POT3, POT5 and POT10 with bi-estimators are included in the calculation as per below 333 

boxplot. For up to 2 years ARI, the percentage differences between the two approaches are 334 

varied significantly. As the increase of the ARI, the percentage difference is reduced and is 335 

deemed to be satisfactory. Also, we have found that in most of the sites, the obtained flood 336 

estimates in higher ARIs using POT approach is lower than the obtained results from AM 337 

approach (negative percentage difference), which oppose to the results obtained by Bezak, 338 

Brilly and Šraj (2014), but is in agreement with Önöz and Bayazit (2001) and Bačová-339 

Mitková and Onderka (2010). 340 

Tables 4(a) and 4(b) tabulate the statistics of the percentage differences between POT and 341 

AM approaches considering all the 188 stations. The overall median percentage difference is 342 

65% and 33% for POT-ND and POT-TS respectively, considering all the 11 ARIs and 188 343 

stations. For 5 to 100 years ARIs, the median differences range 3-5%. For smaller ARIs (1.01 344 

to 2 years), the median differences are in the range of 7-259% for both ND and TS methods. 345 

Overall, the obtained results for ARIs higher than 10 years (less frequent flood), POT 346 

approach provides comparable results to AM approach. 347 

Figures 10, 11 and 12 show the spatial distribution of the stations showing different ranges of 348 

percentage differences between the POT-ND and AM approaches for 1.01, 20 and 100 years 349 

ARIs. From these figures, it can be seen that there is little spatial coherence between the 350 

percentage difference between the POT and AM approaches, i.e. these differences are 351 

randomly distributed over the space. A further regional study may be carried out to examine 352 

the spatial differences in greater details. For 1.01 year ARI, there are a greater number of 353 

stations with difference greater than 25%, and only a few stations show the percentage 354 

difference below 10%. For 20 years ARI, the percentage differences are mainly in the range 355 

of 10 – 20%. With 100 years ARI, the percentage difference is generally smaller compared to 356 

lower ARIs and is mainly in the range of 5% - 10%.  357 
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Comparison between parametric and non-parametric approaches 358 

The differences in quantile estimates between POT-parametric and POT-non-parametric 359 

approaches are calculated. Here the peak flow data extracted based on POT3 model is used. 360 

As can be seen in Table 5(a) for POT-ND versus POT non-parametric approach, for 100 361 

years ARI, for 92 stations (out of 188 stations), the smallest difference between POT-362 

parametric and POT-non-parametric methods is found for POT10 model, for 68 stations, the 363 

smallest difference is for POT5 model and for 28 stations, the smallest difference is found for 364 

POT3 model. Overall, POT10 model represents the best result where 49% to 87% stations 365 

show the best match with the POT-non-parametric method. Similarly, Table 5(b) details the 366 

comparison between POT-TS and POT non-parametric approaches. POT10 model represents 367 

the best results compared to POT non-parametric approach.  368 

Tables 6(a) and 6(b) detail the statistics of the differences between the POT-parametric and 369 

POT-non-parametric approaches for both ND and TS methods. With smaller ARI brackets, 370 

the percentage difference is higher with a mean value of 189%. With the increase of the ARIs, 371 

the mean percentage differences are reduced, and 100 years ARI has the smallest mean 372 

difference. Figure 13(a) and 13(b) present the boxplot of percentage difference between POT-373 

parametric and POT-non-parametric approaches. Both TS and ND methods provide 374 

comparable results in higher ARIs to non-parametric approach, which agrees with Curceac et 375 

al. (2020), except we have found a greater fluctuation with lower ARIs (less than 10 years) 376 

using both ND and TS approach. This fluctuation may be further investigated using bankfull 377 

discharge series as proposed by Karim, Hasan and Marvanek (2017), which indicated that 378 

POT approach is suitable for lower ARIs, but still it is not error free.  379 

The difference in quantile estimates between AM-GEV and POT-non-parametric approaches 380 

are calculated for comparison. Figure 14 represents the boxplots between two approaches. 381 

POT-non-parametric approach provides satisfactory results at lower ARIs (less than 2 years 382 

ARI), and the difference between two approaches increase with the increase of ARI.  383 
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Table 7 details the statistics of the percentage differences between the AM-parametric and 384 

POT-non-parametric approaches. With smaller ARI brackets, the percentage difference using 385 

Equation 6 is higher with a mean value of 144%. With the increase of the ARIs, the mean 386 

percentage differences are reduced to 29% and 30% for 50 and 100 years ARIs, respectively.  387 

Discussion 388 

This study applies both POT and AM approaches to 188 gauged stations located in NSW and 389 

VIC. With the current practice in Australia regarding at-site FFA, AM approach is the 390 

preferred method and POT approach remains under-deployed. The main drawback of the AM 391 

approach is the limited data points extracted and used for FFA. This drawback can be 392 

overcome through applying POT approach. However, recent studies discussed in the 393 

introduction and method section indicates the complexity and the reason for under-394 

deployment of POT approach. The complexity mainly is from the determination of both 395 

physical and statistical threshold using current POT methods in extracting the POT series. To 396 

sufficiently retain enough flood data while maintaining the independence is challenging. This 397 

study applies the automated routine based on ND and TS methods to ensure the extracted 398 

data points are independent through programming in R. Through applying the automated 399 

routine in this study, the overall size of the time series is controllable, which overcomes one 400 

of the drawbacks of using POT approach. This is accomplished by setting the average events 401 

per year as a user input for iteration. Another difficulty for POT approach is as mentioned 402 

before, to ensure the extracted data series are suited for GP distributional fitting. This study 403 

applies the normality test and uses the p-value as a determinant to retain flood data points for 404 

further analysis. This study also applies the examination of the threshold stability to find the 405 

minimum rate of change in threshold versus estimated parameters plots. Though at the 406 

moment, there are only limited studies focusing on automation of the statistical threshold 407 

detection in at-site FFA using POT. But this methodology is applied broadly in other areas of 408 

interest such as coastal engineering and financing. Through applying the automation of 409 

threshold detection for GP distribution from this study, FFA is performed for 4 different 410 

critical p-values accompanying with two-parameter estimation techniques associating with 3, 411 

5 and 10 average events per year. The obtained results are also verified by recent empirical 412 

approach based on theory of threshold stability. 413 

GEV and GP distribution are two of the recommended distributions for conducting at-site 414 

FFA. This study details the comparison between these two distributions based on at-site AM 415 

flood data from 188 gauged stations. In comparing the POT to AM approach, this study 416 
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mainly focuses on the comparison between GEV distribution in the AM approach and GP 417 

distribution in POT approach. The estimated results using 6 different approaches (each POT 418 

model with bi-estimator) are compared with results from GEV distribution fitting. It is further 419 

verified through comparison using POT-TS method. Though the complexity with at-site FFA 420 

is that the true distribution family is unknown, this study explores the possibility of fitting 421 

multiple POT models with different automated threshold detection techniques for comparison 422 

with individual GEV distribution fitting. The study has found and confirmed that with the 423 

increase of the ARIs, the differences in flood quantile estimates by the AM and POT 424 

approaches are reduced for the selected sites. With ARI up to 2 years, the differences 425 

between the two approaches are notably high. The median difference is then reduced to 5% 426 

for 50 and 100 years ARIs by POT-ND method. Based on obtained results, this study 427 

recommends the use of POT10 model with both ND and TS methods for ARIs up to 1.75 428 

years, POT5 model for ARIs of 2 to 10 years, and POT3 models for ARIs of 50 and 100 429 

years. This study also compares the difference between parametric and non-parametric 430 

approaches for selected stations which aims to evaluate the reliability of fitting GP 431 

distribution using POT approach. Obtained results show that the POT10 and POT5 models 432 

using GP distribution gives closer match with the non-parametric approach.  433 

Comparing between the POT and AM approaches, there are more flexibilities using POT 434 

approach but accompanying with the complexity of retaining the flood peaks with both 435 

physical and statistical thresholds. The drawback of the POT approach is overcome by 436 

controlling the size of the POT model. This study also suggested a range of boundaries for 437 

setting n equally spaced thresholds for normality test in at-site FFA. With p-value to be pre-438 

set in the iterative process, the candidate threshold for GP distribution is quantifiable 439 

compared to the traditional method using MRLP. This process can be further modified to suit 440 

different selection criteria.  441 

Conclusion 442 

The study examines the applicability of the POT model in at-site flood frequency analysis 443 

using 188 gauged stations in NSW and Victoria states in Australia. To fit the POT series, GP 444 

distribution is used while to fit the AM series GEV distribution is used. The following 445 

conclusions are drawn from this study: 446 

 At higher ARIs (20 to 100 years) the differences in flood quantile estimates between 447 

the POT-ND and AM approaches are much smaller than for smaller ARIs. The 448 
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median difference between these two approaches is 5% for 50 and 100 years ARIs, 449 

and the difference is greater than 25% for most the stations for 1.01 year ARI. 450 

 For smaller ARIs (1.01 to 1.75 years) POT 10 model is preferable, for medium ARIs 451 

(2 to 10 years), POT5 model is preferable and for 20 to 100 years ARIs, POT3 model 452 

is preferable. 453 

 No spatial coherence is found between the differences in POT and AM approaches in 454 

the selected study area. 455 

 In extracting the POT series, p-value is to be pre-set in the iterative process, making 456 

the candidate threshold for GP distribution quantifiable compared to the traditional 457 

method such as using MRLP. 458 

 Empirical method of POT-TS is proven to be suitable based on the obtained flood 459 

quantile estimates of 188 stations in Australia.  460 

 461 
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 598 

Figure 1 Illustration of adopted methodology 599 

 600 

 601 

 602 

 603 

Step 1

•POT series extration
•Incorporate the independence criteria in R code for iterative process.

•Extrat POT series with different average events per year provided the time and
magnitude criteria are met, i.e. POT3, POT5 and POT10.

Step 2

•Automating statistical threshold detection for GP distribution

•Perform iterative process for equally spaced thresholds and estimate individual
parameter set of the GP distribution by different thresholds.

•Perform normality test (POT-ND) based on p-value for suitable threshold.

•Verify candidate threshold MRLP and parameter plots.

•Perform cubic spline fitting and find minimum rate of change between consecutive
increase of threshold (POT-TS).

•Verify candidate threshold MRLP and threshold stability plots.

•Estimate flood quantiles based on selected threshold, i.e. POT3-ND-GP, POT3-TS-
GP.

Step 3

•Illustration and comparison of results

•Evaluate differences in flood quantiles between POT and AM approaches.

•Evaluate differences between parametric and non-metric approaches.

•Apply a suit of statistical measures to evaluate different approaches.

•Plot statistical measures on Australian map to assess spatial coherence.
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 608 

 609 

Figure 2 Distribution of selected stations 610 
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  626 

Figure 3(a) & 3(b) Comparison between POT-ND-GP (p-value=0.25) and AM-GEV 627 

approaches. Y-axis of the boxplots represents % difference estimated by equation 6. 628 

 629 

 630 

 631 

 632 

 633 

 634 

 635 

 636 

 637 

 638 

 639 

 640 

 641 

 642 

0.0

500.0

0.10 1.00 10.00 100.00

D
is

ch
a

rg
e

 V
a

lu
e

 (
m

3
/s

)

ARI (Years)

Obs Flood

AM-GEV (a)

POT-ND-GP-10-MLE (b)

POT-ND-GP-10-PWMU (c)

POT-ND-GP-3-MLE (d)

POT-ND-GP-3-PWMU (e)

POT-ND-GP-5-MLE (f)

POT-ND-GP-5-PWMU (g)



24 
 

  643 

 644 

Figure 4 Mean residual life plot based on different p-values for POT-ND method 645 

 646 

 647 

 648 

 649 

 650 

 651 

 652 

 653 

 654 

 655 

 656 

 657 

 658 

 659 

 660 

 661 



25 
 

 662 

Figure 5 Estimated parameters plot with MRLP for POT-ND method 663 
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 677 

Figure 6(a) P-P, Q-Q and return level plots for different POT models using POT-ND method 678 

  679 

 680 

Figure 6(b) Return level comparison between POT-ND-3 and POT-TS-3. From left to right, 681 

return level plots POT-ND-3-MLE, POT-ND-3-PWMU, POT-TS-3-MLE and POT-TS-3- 682 

PWMU 683 
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 693 

 694 

 695 

Figure 6(c) Return level comparison between POT-ND-3 and POT-TS-5. From left to right, 696 

return level plots POT-ND-5-MLE, POT-ND-5-PMWU, POT-TS-5-MLE and POT-TS-5- 697 

PWMU 698 

 699 

Figure 6(d) Return level comparison between POT-ND-3 and POT-TS-10. From left to right, 700 

return level plots POT-ND-10-MLE, POT-ND-10-PWMU, POT-TS-10-MLE and POT-TS-701 

10- PWMU 702 
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 705 

Figure 7 Threshold comparison based on varied p-value using POT-ND method 706 
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 707 

(a) 708 

 709 

(b) 710 

 711 

(c) 712 

Figure 8 Verification Plot - (a) Bias Boxplot (b) MSE Boxplot (c) RMSE Box plot; from left 713 

to right, plots represent POT-ND-10, POT-ND-3 and POT-ND-5, respectively 714 

  715 



30 
 

 716 

Figure 9(a) Comparison between POT-ND-GP and AM-GEV approaches – boxplots 717 

showing % difference 718 

 719 

 720 

 721 

 722 

Figure 9(b) Comparison between POT-ND-GP and AM-GEV approaches – boxplots 723 

showing % difference 724 

 725 
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 726 

Figure 10 Geographical distribution of percentage differences between POT-ND and AM 727 

approaches (1.01 year ARI) 728 

 729 

 730 

 731 

 732 

 733 

 734 

 735 

 736 

 737 

 738 

 739 

 740 

 741 

 742 

 743 



32 
 

 744 

Figure 11 Geographical distribution of percentage differences between POT-ND and AM 745 

approaches (20 years ARI) 746 
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 763 

Figure 12 Geographical distribution of percentage differences between POT-ND and AM 764 

approaches (100 years ARI) 765 
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  782 

(a)                                                                                            (b) 783 

Figure 13 (a) Comparison between the POT-ND parametric (b) POT-TS parametric and POT-784 

non-parametric approaches– boxplots showing % difference 785 

 786 

 787 

Figure 14 Comparison between POT-non-parametric and AM-GEV approaches – boxplot 788 

showing % difference  789 
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Table 1 Comparison between POT-ND and AM approaches 798 

% Difference Based on Equation 6 

ARI POT-

GP-

10-

MLE 

POT-

GP-10-

PWMU 

POT-

GP-3-

MLE 

POT-

GP-3-

PWMU 

POT-

GP-5-

MLE 

POT-

GP-5-

PWMU 

Mean Median SD Preferred 

POT 

model 

1.01 -144% -156% -230% -229% -183% -188% -189% -186% 0.36 POT-ND-

GP-10-

MLE 

1.10 -509% -585% -1121% -1100% -807% -832% -826% -820% 2.54 POT-ND-

GP-10-

MLE 

1.25 86% 109% 297% 282% 198% 202% 196% 200% 0.87 POT-ND-

GP-10-

MLE 

1.49 11% 20% 107% 96% 67% 66% 61% 67% 0.39 POT-ND-

GP-10-

MLE 

1.75 -3% 2% 66% 57% 40% 38% 33% 39% 0.28 POT-ND-

GP-10-

PWMU 

2.00 -8% -4% 49% 41% 29% 28% 23% 28% 0.24 POT-ND-

GP-10-

PWMU 

5.00 -15% -12% 13% 10% 5% 6% 1% 5% 0.12 POT-ND-

GP-5-

MLE 

10.00 -16% -11% 2% 4% -3% 0% -4% -2% 0.08 POT-ND-

GP-5-

PWMU 

20.00 -17% -11% -6% 1% -11% -5% -8% -8% 0.06 POT-ND-

GP-3-

PWMU 

50.00 -19% -10% -15% -3% -20% -12% -13% -13% 0.06 POT-ND-

GP-3-

PWMU 

100.00 -21% -10% -22% -5% -26% -16% -17% -18% 0.08 POT-ND-

GP-3-

PWMU 
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 799 

Table 2(a) Overall site count for least % difference between POT-ND and AM approach 800 

POT Model 

Combined % 

difference 

(Count of  

sites) 

Less than 2 

years’ ARI 
(Count of  

sites) 

2 to 10 years’ 
ARI (Count of  

sites) 

20 & 50 

years’ ARI 
(Count of  

sites) 

100 years’ 
ARI (Count 

of  sites) 

POT3-ND 

2 2 35 123 105 

1% of 

selected sites 

1% of 

selected 

sites 

19% of selected 

sites 

65% of 

selected 

sites 

56% of 

selected sites 

POT5-ND 

8 0 101 43 45 

4% of 

selected sites 

0% of 

selected 

sites 

54% of selected 

sites 

23% of 

selected 

sites 

24% of 

selected sites 

POT10-ND 

178 186 52 22 38 

95% of 

selected sites 

99% of 

selected 

sites 

28% of selected 

sites 

12% of 

selected 

sites 

20% of 

selected sites 

 801 

Table 2(b) Overall site count for least % difference between POT-TS and AM approach 802 

POT 

Model 

Combined % 

difference 

(Count of  

sites) 

Less than 2 

years’ ARI 

(Count of  

sites) 

2 to 10 years’ 

ARI (Count 

of  sites) 

20 & 50 

years’ 

ARI 

(Count of  

sites) 

100 years’ 

ARI (Count 

of  sites) 

POT3-TS 

3 3 34 121 111 

2% of 

selected sites 

2% of 

selected 

sites 

18% of 

selected sites 

64% of 

selected 

sites 

59% of 

selected sites 

POT5-TS 

36 36 105 45 40 

19% of 

selected sites 

19% of 

selected 

56% of 

selected sites 

24% of 

selected 

21% of 

selected sites 
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sites sites 

POT10-

TS 

149 149 50 24 38 

79% of 

selected sites 

79% of 

selected 

sites 

27% of 

selected sites 

13% of 

selected 

sites 

20% of 

selected sites 

 803 

 804 

Table 3(a) Count of sites based on percentage difference between POT-ND and AM 805 

approaches 806 

 1.01 ARI 20 ARI 100 ARI 

Below 5% Difference 22 121 99 

5%-10% Difference 15 54 44 

10%-25% Difference 14 11 20 

Above 25% 

Difference 

137 2 25 

 807 

Table 3(b) Count of sites based on percentage difference between POT-TS and AM 808 

approaches 809 

  1.01 ARI 20 ARI 100 ARI 

Below 5% Difference 22 121 104 

5%-10% Difference 15 47 32 

10%-25% Difference 14 11 20 

Above 25% Difference 137 9 32 

 810 

 811 

 812 

 813 

 814 

 815 
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Table 4(a) Statistics of comparison between POT-ND and AM approaches  816 

% Difference Based on Equation (6) 

ARI Mean Median SD Preferred POT 

model 

1.01 660.08% 25.00% 3587.80% POT-ND-GP-10 

1.1 653.87% 259.00% 1529.25% POT-ND-GP-10 

1.25 84.22% 40.00% 127.91% POT-ND-GP-10 

1.49 20.17% 12.00% 24.00% POT-ND-GP-10 

1.75 12.18% 9.00% 13.16% POT-ND-GP-10 

2 9.90% 7.00% 10.23% POT-ND-GP-5 

5 5.44% 4.00% 6.77% POT-ND-GP-5 

10 5.02% 3.00% 7.45% POT-ND-GP-5 

20 5.56% 3.00% 9.66% POT-ND-GP-5 

50 7.91% 5.00% 13.65% POT-ND-GP-5 

100 9.71% 5.00% 17.18% POT-ND-GP-3 

Overall 145.00% 65.00% 345.00% N/A 

 817 

 818 

 819 

 820 

 821 

 822 

 823 

 824 

 825 

 826 
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 827 

Table 4(b) Statistics of comparison between POT-TS and AM approaches  828 

% Difference Based on Equation (6) 

ARI Mean Median SD Preferred 

POT model 

1.01 660% 25% 3588% POT-TS-

GP-10 

1.1 654% 259% 1529% POT-TS-

GP-10 

1.25 84% 40% 128% POT-TS-

GP-10 

1.49 20% 12% 24% POT-TS-

GP-10 

1.75 12% 9% 13% POT-TS-

GP-10 

2 10% 7% 10% POT-TS-

GP-10 

5 5% 4% 7% POT-TS-

GP-5 

10 5% 3% 7% POT-TS-

GP-5 

20 6% 3% 10% POT-TS-

GP-3 

50 8% 5% 14% POT-TS-

GP-3 

100 10% 5% 17% POT-TS-

GP-3 

Overall 134% 33% 486% N/A 

 829 

  830 

 831 
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Table 5(a) Overall site count based on least % difference between the POT-ND parametric 832 

and POT-non-parametric approaches 833 

POT Model 

Combined % 

difference 

(Count of 

sites) 

Less than 2 

years’ ARI 

(Count of 

sites) 

2 to 10 

years’ 
ARI 

(Count of 

sites) 

20 & 50 

years’ ARI 

(Count of 

sites) 

100 years’ 
ARI 

(Count of 

sites) 

POT-ND-GP-3 
2 1 2 4 28 

1% 1% 1% 2% 15% 

POT-ND-GP-5 
23 23 24 36 68 

12% 12% 13% 19% 36% 

POT-ND-GP-10 
163 164 162 148 92 

87% 87% 86% 79% 49% 

 834 

Table 5(b) Overall site count based on least % difference between the POT-TS parametric 835 

and POT-non-parametric approaches 836 

POT Model 

Combined % 

difference 

(Count of 

sites) 

Less than 2 

years’ ARI 

(Count of 

sites) 

2 to 10 

years’ 

ARI 

(Count of 

sites) 

20 & 50 

years’ ARI 

(Count of 

sites) 

100 years’ 
ARI 

(Count of 

sites) 

POT-TS-GP-3 
5 1 2 7 28 

3% 1% 1% 4% 15% 

POT-TS-GP-5 
19 0 8 29 55 

10% 0% 4% 15% 29% 

POT-TS-GP-10 
164 187 178 152 105 

87% 99% 95% 81% 56% 

 837 
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 838 

Table 6(a)Statistics of comparison between POT-ND parametric and non-parametric 839 

approaches  840 

 Mean SD Median 

Overall 106% 267% 46% 

1-1.75 ARI 189% 559% 73% 

2,5,10 ARI 52% 65% 29% 

20,50 ARI 16% 13% 13% 

100 ARI 13% 14% 8% 

 841 

Table 6(b)Statistics of comparison between POT-TS parametric and non-parametric 842 

approaches  843 

 Mean SD Median 

Overall 104% 640% 21% 

1-1.75 ARI 189% 940% 61% 

2,5,10 ARI 51% 90% 20% 

20,50 ARI 15% 16% 10% 

100 ARI 13% 14% 8% 

 844 

 845 

 846 

 847 

 848 

 849 

 850 

 851 

 852 
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Table 7 Statistics of comparison between AM-GEV parametric and POT-non-parametric 853 

approaches 854 

  Mean SD Median 

Overall 46% 1098% -33% 

1-1.75 ARI 144% 1623% -25% 

2,5,10 ARI -41% 16% -39% 

20,50 ARI -30% 13% -31% 

100 ARI -29% 16% -31% 

 855 

 856 

 857 



Figures

Figure 1

Illustration of adopted methodology



Figure 2

Distribution of selected stations Note: The designations employed and the presentation of the material on
this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 3



3(a) & 3(b) Comparison between POT-ND-GP (p-value=0.25) and AM-GEV approaches. Y-axis of the
boxplots represents % difference estimated by equation 6.

Figure 4

Mean residual life plot based on different p-values for POT-ND method

Figure 5

Estimated parameters plot with MRLP for POT-ND method



Figure 6

6(a) P-P, Q-Q and return level plots for different POT models using POT-ND method 6(b) Return level
comparison between POT-ND-3 and POT-TS-3. From left to right, return level plots POT-ND-3-MLE, POT-
ND-3-PWMU, POT-TS-3-MLE and POT-TS-3- PWMU 6(c) Return level comparison between POT-ND-3 and
POT-TS-5. From left to right, return level plots POT-ND-5-MLE, POT-ND-5-PMWU, POT-TS-5-MLE and POT-
TS-5- PWMU 6(d) Return level comparison between POT-ND-3 and POT-TS-10. From left to right, return
level plots POT-ND-10-MLE, POT-ND-10-PWMU, POT-TS-10-MLE and POT-TS-10- PWMU

Figure 7



Threshold comparison based on varied p-value using POT-ND method

Figure 8

Veri�cation Plot - (a) Bias Boxplot (b) MSE Boxplot (c) RMSE Box plot; from left to right, plots represent
POT-ND-10, POT-ND-3 and POT-ND-5, respectively



Figure 9

9(a) Comparison between POT-ND-GP and AM-GEV approaches – boxplots showing % difference 9(b)
Comparison between POT-ND-GP and AM-GEV approaches – boxplots showing % difference



Figure 10

Geographical distribution of percentage differences between POT-ND and AM approaches (1.01 year ARI)
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.

Figure 11

Geographical distribution of percentage differences between POT-ND and AM approaches (20 years ARI)
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any



country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.

Figure 12

Geographical distribution of percentage differences between POT-ND and AM approaches (100 years ARI)
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.

Figure 13

(a) Comparison between the POT-ND parametric (b) POT-TS parametric and POT-non-parametric
approaches– boxplots showing % difference



Figure 14

Comparison between POT-non-parametric and AM-GEV approaches – boxplot showing % difference


